Introduction
============

There is increasing evidence that obesity is associated with an inflammatory condition of the white adipose tissue, resulting in chronic activation of innate immunity, which can lead to insulin resistance, impaired glucose tolerance and even diabetes \[[@B1]\]. Adipocytes in the white adipose tissue secrete adipokines, such as chemokines, adiponectin, resistin, leptin, visfatin, interleukins. Some of these citokines have been linked to insulin resistance, endothelial disfunction and atherosclerosis \[[@B2]\]. As a response to several stimuli (such as exposure to cold), adipose tissue remodeling can take place, inducing dynamic changes in cellular function and composition, resulting in biogenesis of beige fat. Eosinophils, alternatively activated macrophages and type 2 cytokines (IL4,IL13), are involved in the afferent beige thermogenic circuit \[[@B3]\].

Adipokines (including IL4) seem to be important in the physiopathology of obesity \[[@B4]\] and diabetes \[[@B5]\]. Several animal studies have addressed the involvement of cytokines in the development of insulin resistance, diabetes and atherosclerosis \[[@B6],[@B7],[@B8]\].

IL4 has been less studied in humans in relationship with obesity and diabetes. The aim of the present study was to investigate the relationship between IL4 serum levels and diabetes and obesity.

Material and method
-------------------

The study included 76 patients in the Binisan Medical Center, Dragasani, an outpatient clinic, between December 2015 and January 2016. Patients presenting with emergencies, active infections, parasitosis or malignancies were excluded. Informed consent was obtained from every study participant and the study was approved by the Ethics Committee of the Craiova University of Medicine and Pharmacy.

Subjects were divided into four study groups:

The O group (overweight and obese), n = 25, including overweight or obese subjects (body mass index (BMI) ≥25) without diabetes. Six obese or overweight individuals previously not known as diabetics and discovered with diabetes during the study work-up were further assigned to the OD group.

The OD group (overweight and obese diabetics), n = 25, patients with diabetes and a BMI ≥25.

The NOD group (non-obese diabetics), n = 11 lean individuals, known with diabetes and a BMI \<25.

The M group (Controls), n=15, with a normal body weight (BMI\<25) and without diabetes.

Processing of samples
---------------------

For each patient, two vacutainers without additives, with separator gel to obtain serum and one K3 EDTA vacutainer were collected.

After blood clotting, for at least 30 minutes, the separating gel vacutainers were centrifuged at 1000 × g for 10 minutes.

After aliquoting, samples were processed according to each particular analysis, and tested using the following analytical methods:

For the serum parameters, the methods used were: the GOD PAP method for glucose, the CHOD PAP method for cholesterol, the PAP GPO method for triglycerides, direct methods for HDL, the Biuret method without blank sample for total protein, the Jaffe method without compensation for creatinine, the Urea method -UV for urea, glycated hemoglobin (HbA1C) by direct method, C-reactive protein by Fixed time method; serum proteins electrophoresis by the method of migration in agarose gel in the electric field.

The method used for IL 4 was ELISA (Sandwich Enzyme-Linked Immunosorbent Assay), by PLAB-CLIA Adaltis, lot B196450.

Statistical analysis
--------------------

Clinical (sex, age, body weight, abdominal and hip circumference, systolic and diastolic blood pressure, body weight, height, body mass index) and biochemical (the above mentioned variables) parameters were registered and analysed for the entire study group and separately for each of the four subgroups. Numeric variables were expressed as averages ± standard deviations for the normally distributed ones and as median (25-75 percentiles) for the non-normally distributed ones. Qualitative variables were expressed as percentage. Numeric variables were compared using the t test for normal distribution and the Mann Whitney test for non-parametric variables. Qualitative variables were compared using the Chi-squared test. Correlation between parameters was studied using the Pearson correlation coefficient for parametric variables and the Spearman correlation coefficient for the non-parametric variables.

Univariate linear regression and multivariate regression were used to investigate the relationship between IL4 and the clinical and biochemical parameters. The statistical significance threshold chosen was p\<0.05. The statistical analysis was performed using the Microsoft Excell software and the MedCalc v.16.1 software.

Results
-------

The characteristics of the study groups are described in Table [1](#T1){ref-type="table"}.

Systolic and diastolic blood pressures were significantly higher in all study groups compared to the control group. As expected, blood glucose was significantly higher in OD and NOD groups compared to controls and Hb A1c was significantly higher in obese and diabetic patients compared to the control group. In all three study groups, total serum lipids were significantly higher than in the control group.

Among lipid fractions, VLDL was significantly higher in OD and NOD groups compared to M. The same was found for triglycerides.

In terms of protein metabolism, total protein values were lower in group O than in group M, serum albumin values were lower in all study groups than in group M.

No statistically significant difference was detected between the groups regarding CRP.

IL4 had increasing values in the 4 groups, as follows in ascending order: M, NOD, O and OD The differences reached statistical significance for the comparison between groups M and OD (IL4 4.66±3.73 pg/ml in thr OD group vs 0.38±0.40 pg/ml in the M group, p=\<0.0001). Differences between the other study groups and controls in terms of IL4 were not statistically significant (Fig.[1](#F1){ref-type="fig"}).
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Statistically significant correlations with IL4 were found for: age (r~s~=0.349, p=0.0021), height (r~s~=0.28, p=0.0132), BMI (r~s~=0.297, p=0.0096), abdominal circumference (r~s~=0.38, p=0.0008), hip circumference (r~s~=0.24, p=0.0038), Beta1% (r~s~=0.306, p=0.04), serum glucose (r~s~=0.0348, p=0.022), HbA1c (r~s~=0.388, p=0.0006), total lipids (r~s~=0.266, p=0.0227), total cholesterol (r~s~=0.243, p=0.0355), VLDL (r~s~=0.337, p=0.0035), triglycerides (r~s~=0.345, p=0.024), CRP (rs=0.248, p=0.0357).

In univariate regression with IL4, statistically significant predictors for IL4 levels were the following: age (R^2^=0.106, p=0.0044), abdominal circumference (R^2^=0.1737, p=0.0002), hip circumference (R^2^=0.076, p=0.016), Beta1% (R^2^=0.115, p=0.0034), serum glucose (R^2^=0.1431, p=0.0008), HbA1c (R^2^=0.1184, p=0.0025), VLDL (R^2^=0.062, p=0.0382) and triglycerides (R^2^=0.012, p=0.0327).

In a multivariate regression model with IL4 (overall model statistical significance p \<0.0001), significant predictors of IL4 levels were abdominal circumference (R^2^=0.059, p=0.0044) and glucose (R^2^=0.01817, p=0.0139).

###### 

Study parameters in the four groups

  -------------------------------- --------------------- --------------------- ---------------------- --------------- ---------- ---------- ----------
  PARAMETERS                       Group O N=25          Group OD N=25         Group NOD N=10         Group M N=15    p1         p2         p3
  CLINICAL                                                                                                                                  
  Age(years)                       57.24±11.72           63 (58.5-66.25)       61±9.52                29 ±5.29        \<0.0001   \<0.0001   \<0.0001
  Sex(%M)                          52                    56                    40                     86.57           0.033      0.185      0.28
  Weight(kg)                       93 (79.75-104.25)     87±11.71              61 (59-70)             68.73 ±6.69     \<0.0001   \<0.0001   0.13
  Height(cm)                       170 (164.75-177.25)   167.28±8.86           168 (164-174)          175.66±5.44     0.06       0.0007     0.04
  BMI(kg/m2)                       29.74 (27.38-34.31)   31.05±3.14            22.31±1.43             22.23±1.43      \<0.0001   \<0.0001   0.89
  Abdominal circumference (cm)     107.96±14.71          111.8±8.81            88±7.93                83.26±6.59      \<0.0001   \<0.0001   0.13
  Hip circumference (cm)           114.6±9.04            116.16±8.21           97 (95-100)            106.6±4.76      \<0.0001   \<0.0001   0.2
  Systolic blood pressure(mmHg)    132.4±16.88           139.92±18.38          135.7±21.66            117.53±12.20    0.0027     \<0.0001   0.03
  Diastolic blood pressure(mmHg)   80 (70-88.5)          78.64±9.60            80 (80-90)             69.4±11.36      0.036      0.015      0.0034
  PARACLINICAL                                                                                                                              
  Total Protein (g/dl)             7.54 (7.06-7.74)      7.71±0.55             7.78±0.41              7.82±0.42       0.02       0.47       0.81
  Albumin%                         64.9 (63.07-66.85)    64.70±3.81            64.2±4.038             68.03±3.77      0.0086     0.122      0.0384
  Alpha1%                          2.44±0.32             2.46±0.48             2.7 (2.17-2.72)        2.16±0.56       0.09       0.099      0.12
  Alpha2%                          9.68±1.09             9.98±1.18             10.65±1.14             8.76±1.33       0.033      0.0073     0.0016
  Beta1%                           7.42±0.83             7.85±1.12             7.68±1.20              6.55±0.64       0.0007     0.0001     0.0243
  Beta2%                           3.5 (3.17-3.75)       3.75±0.89             3.46±0.55              3.14±0.80       0,149      0.0336     0.25
  Gamma%                           11.7 (10.45-13.85)    11.23±2.46            11.27±2.33             11.35±2.30      0.42       0.87       0.93
  Serum Glucose (mg/dl)            95 (86.75-108.0)      150.64±39.47          152.7±60.67            90.2±7.61       0.08       \<0.0001   0.01
  HbA1C%                           5.76±0.54             7.2 (6.67-7.95)       6.75±1.19              5.06±0.71       0.0034     \<0.0001   0.0015
  Total Lipids (mg/dl)             652.51±122.66         668.07±139.17         697.41±152.53          571.43±116.29   0.048      0.024      0.041
  LDL (mg/dl)                      135.67±45.66          124.90±50.74          133.9±41.81            114.34±40.63    0.13       0.47       0.26
  HDL (mg/dl)                      44.98 (38.25-50.41)   43.14 (39.73-46.94)   43.05±8.81             47.47±17.02     0.92       0.58       0.4
  VLDL (mg/dl)                     18.37 (15.47-22.8)    29.02±9.82            21.66 (18.92-36.49)    16.43±10.13     0.113      0.0006     0.0107
  Total Cholesterol (mg/dl)        202.50±49.38          198.7±52.82           205.81±43.64           178.32±42.34    0.110      0.19       0.13
  Triglycerides (mg/dl)            90 (75.33-111.94)     145.13±49.11          108.29 (94.6-182.46)   82.19±50.68     0.15       0.0003     0.01
  IL4 (pg/ml)                      0.366 (0.100-2.35)    4.66±3.73             0.30 (0.10-1.35)       0.38±0.40       0.10       \<0.0001   0.46
  CRP (mg/dl)                      2.1 (0.83-2.82)       2.77 (1.53-4.81)      0.44 (0.12-3.03)       8.77±26.62      0.48       0.089      0.66
  Urea (mg/dl)                     33.92 (30.17-40.45)   36.64±11.39           31.89 (23.63-45.16)    31.59±12.12     0.3        0.2        0.78
  Creatinine (mg/dl)               0.83 (0.76-0.95)      0.89±0.21             0.75 (0.67-0.77)       2.63±6.42       0.012      0.31       0.019
  Creatinine clearance (ml/min)    119.61±48.6           101.73±20.14          80.74±22.52            102.33±29.5     0.16       0.45       0.0023
  -------------------------------- --------------------- --------------------- ---------------------- --------------- ---------- ---------- ----------

Note 1: Study parameters were expressed as mean ± standard deviation for normal distribution and as median (25-75 percentile) for abnormal distribution.

Note 2: p1 refers to the comparisons between groups O and M, p2 refers to the comparisons between groups OD and M, p3 refers to the comparisons between groups NOD and M. Statistical tests used were t-test for normally distributed variables and the Mann Whitney test for abnormal distribution.
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Discussion
==========

Adipose tissue contains, besides adipocytes, several other types of cells, such as pre-adipocytes, macrophages, lymphocytes, fibroblasts and vascular cells \[[@B9]\]. Obesity is associated with changes in the cellular population of the adipose tissue, as well as modulation of cell phenotypes \[[@B9]\],\[[@B10]\]. Expansion of adipose tissue mass, activation of lipolysis, a high fat diet and non-shivering thermogenesis lead to the recruitment and activation of immune cells in the adipose tissue \[[@B11]\]. The immune cells in the adipose tissue are the macrophages (that account for half of the immune cells), mast cells, eosinophils, neutrophils, T lymphocytes, both T helper and invariant Natural Killer T cells (iNKT) (iNKT cells are depleted in the setting of obesity) and B lymphocytes \[[@B11]\]. T helper type 1 lymphocytes (Th1) secrete interleukin 2 (IL2), interferon-g and lymphotoxin-a and stimulate the phagocytic activity, in type 1 immunity. T helper type 2 lymphocytes (Th2) cells secrete IL4, IL5, IL9, IL10 and IL13, stimulating type 2 immunity (humoral immunity, antibody mediated) \[[@B12]\]. After exposure to the above mentioned stimuli, the macrophages from the white adipose tissue undergo alternative activation to induce thyrosine hydroxilase expression and cathecolamine production, factors required for the transformation of the white adipose tissue into beige adipose tissue. Beige fat expresses a thermogenic protein UCP1, that provides defense against cold and obesity. The efferent beige fat thermogenic circuit also comprises eosinophils and type 2 cytokines IL 4 and IL13. It has been shown that genetic loss of IL4 signaling impairs biogenesis of beige fat \[[@B3]\]. IL4 was discovered in 1982 by Maureen Howard and William E. Paul and Dr. Ellen Vitetta. IL-4 is secreted by activated Th2 lymphocytes, basophils, and mast cells, it induces Th2 differentiation, immunoglobulin class switching, and B cell proliferation \[[@B13]\].

In our study, an increase in the IL4 levels was found in the diabetic obese/overweight population. There was a trend of increase in the nondiabetic obese compared to the control group, but the statistical significance threshold was not reached. We found a correlation between IL4 levels on the one hand and obesity (as expressed by BMI, abdominal circumference and hip circumference) and diabetes (serum glucose and glycated hemoglobin) on the other hand. Previous animal studies have found increases of IL4 production by splenic lymphocytes of diet-induced obese mice \[[@B14]\]and a reduction in IL4 serum levels in rats after removal of visceral fat \[[@B15]\]. We have found few studies in humans regarding the relationship between IL4 and obesity. A recent study \[[@B16]\] on cytokines in obese patients failed to find a correlation between obesity and IL4 but IL4 levels were significantly elevated in participants with low physical activity, even when controlled for BMI. Our study has not focused on physical activity, but this could be an interesting direction for further research. The higher levels of IL4 in our obese study groups might be linked to a lesser level of physical activity. In animal studies, IL4 was found to inhibit lipid accumulation in fat tissues \[[@B17]\]. IL4 seems to be an adaptive factor to obesity and/or lack of physical activity, involved in the reduction of fat accumulation. This may explain the higher levels in obese patients. In another human study \[[@B18]\], the expression of IL-4 was significantly higher in the obese subjects and in obese type 2 diabetes mellitus patients than in normal subjects and, moreover, it was reduced after bariatric surgery. There are contrary findings in the literature. One study found lower levels of IL4 in higher BMI groups \[[@B19]\].

We have found a correlation between IL4 levels and serum glucose and glycated hemoglobin. Higher IL 4 serum levels were found in type 1 diabetes mellitus children than those in healthy children \[[@B20]\]. Although not unanimous \[[@B21]\], IL4 was demonstrated to be protective against type 1 diabetes by activated iNKT cells \[[@B21]\] and results from animal studies have shown that IL4 improves insulin sensitivity and glucose tolerance \[[@B17]\]. IL4 has been less studied in type 2 diabetes mellitus. There is data supporting the hypothesis of a state of cytokine resistance to IL4 in type 2 diabetes mellitus \[[@B22]\]. In humans, IL4 promoter polymorphisms were linked to type 2 diabetes mellitus and lower levels of HDL cholesterol \[[@B23]\]. Our findings support the hypothesis that increased serum levels IL4 in type 2 diabetes mellitus may be a result of an adaptive increase of IL4 in a setting of "IL4 resistance".

We have found an association between abdominal circumference and serum glucose on the one hand and IL4 levels on the other hand. To our knowledge, this is the first study to demonstrate this relationship in humans.

Conclusions
===========

Interleukin 4 was elevated in diabetic and obese patients. Blood glucose and waist circumference were significant predictors of IL4 in the studied group.

Although obesity and diabetes have been extensively studied, there are still missing links in the pathophysiologic mechanisms. Establishing new correlations between clinical parameters, routine laboratory parameters and new factors, such as adipokines could be important in order to achieve a reduction in morbidity and mortality from these diseases.
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